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Open access under CC BYMenthol can reduce sensory irritation and it has been hypothesised that this could result in smokers of
mentholated cigarettes taking larger puffs and deeper post-puff inhalations thereby obtaining higher
exposures to smoke constituents than smokers of non-mentholated cigarettes. The aim of our study
was to use part-ﬁlter analysis methodology to assess the effects of cigarette menthol loading on regular
and occasional smokers of mentholated cigarettes. We measured mouth level exposure to tar and nico-
tine and investigated the effects of mentholation on smokers’ sensory perceptions such as cooling and
irritation. Test cigarettes were produced containing no menthol and different loadings of synthetic and
natural L-menthol at 1 and 4 mg ISO tar yields. A target of 100 smokers of menthol cigarettes and 100
smokers who predominantly smoked non-menthol cigarettes from both 1 and 4 mg ISO tar yield catego-
ries were recruited in Poland and Japan. Each subject was required to smoke the test cigarette types of
their usual ISO tar yield. There were positive relationships between menthol loading and the perceived
‘strength of menthol taste’ and ‘cooling’ effect. However, we did not see marked menthol-induced reduc-
tions in perceived irritation or menthol-induced increases in mouth level exposure to tar and nicotine.
 2012 Elsevier Inc. Open access under CC BY-NC-ND license.1. Introduction
L-Menthol, ([1R,2S,5R]-2-isopropyl-5-methyl-1-cyclohexanol)
CAS number 2216-51-5 is the main form of menthol occurring in
nature, particularly in the plant cornmint (Mentha canadensis)
(Fig. 1). There are eight menthol isomers, each having different ﬂa-
vour characteristics but with L-menthol having the highest values
of ‘fresh’ and ‘cool’ ﬂavour characteristics. L-menthol can be pro-
duced synthetically and there are several methods of production
using starting materials such as dementholized cornmint oil, (+)-
citronellal and m-cresol depending on availability and price (Hopp
and Lawrence, 2007).
Both natural and synthetic L-menthol are used in tobacco prod-
ucts and the choice of which tends to be due to availability and
cost. Natural and synthetic L-menthol preparations have similar
chemical properties, and there may be differences in sensory char-
acteristics due to traces of other menthol isomers (Hopp and
Lawrence, 2007).
Menthol can produce a number of sensory effects when applied
topically to the skin and mucosal surfaces of the nose, mouth and
throat. These include the sensation of cooling (Cliff and Green,hley).
-NC-ND license.1994; Yosipovitch et al., 1996; Wasner et al., 2004; Dessirier
et al., 2001) and sensory irritation (Cliff and Green, 1994; Dessirier
et al., 2001). Wasner et al. (2004) hypothesised that the stimula-
tion of cold receptors by menthol may partially attenuate a pain
or irritant sensation mediated via C ﬁbre nociceptors. This putative
mode of action of menthol is often referred to as a counter-
irritation effect. Recently, Willis et al. (2011) described the
counter-irritation effects of menthol against the respiratory
irritants acrolein, acetic acid and cyclohexanone, in mice.
It has also been demonstrated that menthol can either sensitise
or desensitise nerve endings initiating irritation responses in sites
such as the skin, mouth, nose and throat (Cliff and Green, 1994,
1996; Green and McAuliffe, 2000; Dessirier et al., 2001; Wise
et al., 2011). In a study involving the application of nicotine and
menthol solutions to human tongues, Dessirier et al. (2001) ob-
served that menthol application produced a cross-desensitisation
effect on nicotine induced sensory irritation.
Menthol is used as a ﬂavouring agent in many brands of ciga-
rettes. Cigarette smoke elicits a number of sensory responses
including sensory irritation responses in the mouth and throat
during the pufﬁng and post-puff inhalation phases of smoking
(Dixon and Baker, 2003). Because the topical application of men-
thol to the mucosal surfaces of the mouth and tongue can, in some
circumstances, reduce the sensory irritation induced by topical
Fig. 1. The chemical structure of L-menthol.
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menthol in cigarette smoke may reduce the levels of sensory irrita-
tion in the mouth and throat induced by cigarette smoke (Ahije-
vych and Garrett, 2004; Ferris Wayne and Connolly, 2004;
Kreslake et al., 2008a,b; Lawrence et al., 2011). It has also been
hypothesised by these researchers that a menthol induced reduc-
tion in the sensory irritation produced by cigarette smoke could re-
sult in mentholated cigarette smokers taking larger puffs and
deeper post-puff inhalations and hence obtain higher exposures
to smoke constituents than smokers of non-mentholated
cigarettes.
As the published studies on the sensory effects of menthol do
not involve the assessment of menthol delivered in cigarette
smoke to smokers, many of the inferences drawn from these stud-
ies may not apply to menthol in cigarette smoke. Thus, the two
main aims of our study were:
1. To assess the effects of different levels of natural and syn-
thetic menthol loadings to cigarettes on mouth level expo-
sure (MLE) to tar and nicotine in both smokers of primarily
mentholated cigarettes and smokers who occasionally use
mentholated cigarettes, and;
2. To investigate the effects of cigarette mentholation on sen-
sory attributes, such as the perceived levels of mouth and
throat irritation and cooling, in these smoker groups.
Our technique for the estimation of MLEs relied on using the
relationships between the smoke yields of tar and nicotine emerg-
ing from the mouth-end of a cigarette during pufﬁng (mainstream
smoke yields of tar and nicotine), and the amounts of tar and nic-
otine retained within the ﬁlter tips of the cigarettes. The method
used in this study was based on the part-ﬁlter analysis technique
described by St. Charles et al. (2009).
Our studies were conducted in Japan and Poland during June to
August 2006. These two locations were chosen because they have
relatively large market shares of mentholated cigarettes (19.4% in
Japan, 12.8% in Poland in 2006) (Chris Sykes, personal communica-
tion) and there is a large difference between the two in typical lev-
els of menthol concentrations in commercial mentholated
cigarettes. Menthol concentrations for a selection of typical Japa-
nese products in 2006 ranged from around 8.2 to 13.0 mg/cigarette
for 1 mg ISO tar yield products and 4.8 to 6.3 mg/cigarette for 4–
5 mg tar yield products (Peter Wan, personal communication).
European cigarette products typically contain lower levels of men-
thol ranging between 4.5 and 5.3 mg for 1 mg ISO tar yield prod-
ucts and between 2.3 and 4.2 mg for 4 mg ISO tar yield products
(Martin Blumenstock, personal communication).2. Materials and methods
2.1. Test cigarettes
The test cigarettes were designed and manufactured to produce
yields of 1 and 4 mg tar under ISO smoking conditions, with 83 mmcigarette length, 27 mm ﬁlter length and a 24.6 mm circumference.
All of the samples were American blend style cigarettes and men-
tholated and non-mentholated cigarettes were made to the same
physical and blend speciﬁcations within each tar yield category.
Different speciﬁcations, however, were used for the two tar yield
categories, with the main differences between the 1 and 4 mg tar
yield products being the use of a higher efﬁciency ﬁlter, higher lev-
els of ﬁlter ventilation, and a higher inclusion of dry ice expanded
tobacco in the 1 mg products in order to lower the ISO tar yields
from 4 to 1 mg.
For each country, ﬁve products were produced at each tar level.
One product was not mentholated and the other four products dif-
fered in the type and level of applied menthol. Menthol (natural or
synthetic L-menthol purity at least 99%, supplier Tien Yuan Chem-
ical (PTE) Ltd.) was applied to the products by application to the
foil packaging. Menthol was also applied directly to the paper sur-
rounding the tobacco as it passed through the cigarette making
machine to increase the menthol concentrations of two of the Jap-
anese products (J1S 11.7 and J1N 11.6) from a target of 7 mg per
cigarette to a target of 13 mg per cigarette. The products were then
stored for three weeks to enable the menthol to migrate through-
out the tobacco rods and ﬁlters of the cigarettes. Table 1 shows the
target and measured menthol application levels together with the
tar, nicotine and menthol yields of the products when smoked on a
smoking machine under ISO standard conditions (ISO 10362-1,
1999; ISO 3308, 2000a; ISO 4387, 2000b; ISO 10315, 2000c; ISO/
DIS 13110, 2011). The levels of menthol application were designed
to reﬂect the high and low ends of the ranges of menthol used in
commercial mentholated brands sold in Poland and Japan. Table
2 contains the key for the product codes that are used in Table 1
to identify each type of test cigarette.
2.2. Subjects
This study included four groups of smokers in each of the two
markets. The groups were as follows:
Regular smokers of 1 mg tar yield menthol cigarettes;
Smokers of non-menthol 1 mg tar yield cigarettes who occa-
sionally smoked 1 mg tar yield menthol cigarettes;
Regular smokers of 4 mg tar yield menthol cigarettes;
Smokers of non-menthol 4 mg tar yield cigarettes who occa-
sionally smoked 4 mg tar yield menthol cigarettes.
Potential subjects were asked for details of their usual brand of
cigarette smoked, and also to show a pack of their usual brand to
the recruiters to enable conﬁrmation of the brand identity. They
were also asked to provide details of any additional brands
smoked. This information enabled the recruiters to assign potential
subjects to the correct groups for the study. The recruitment target
was 100 subjects in each of the eight groups.
The subjects were aged between 21 and 65 years with a self-re-
ported average consumption of at least ten cigarettes per day of
their most popular 1 and 4 mg ISO tar product. The subjects were
required to have been smoking their usual brand of cigarette for
at least six months and female subjects were excluded if they re-
ported themselves to be pregnant or lactating.
2.3. Study protocol
The recruitment and ﬁeldwork in Japan and Poland was con-
ducted by respective market research agencies (MRA), Field Plan-
ning Research (Japan) and Millard and Brown (Poland). All
subjects who met with the recruiting criteria were briefed on the
study protocol before giving their written informed consent to par-
ticipate in the study. The subjects were visited at home by an
Table 2




ISO Pack Tar 1 mg ISO pack tar 1
4 mg ISO pack tar 4
Menthol Type Synthetic menthol S
Natural menthol N
Menthol Loading Measured menthol loading (mg/cigarette) Value
Table 1
Cigarettes used in the study.
Country ISO Tar category
(mg/cigarette)







Japan 1 J1 0 None 0 0 0 1.3 0.12
J1S 6.5 Synthetic 5.5 6.5 0.09 1.1 0.13
J1N 6.7 Natural 5.5 6.7 0.08 1.0 0.14
J1S 11.7 Synthetic 13 11.7 0.15 1.0 0.13
J1N 11.6 Natural 13 11.6 0.16 1.2 0.14
4 J4 0 None 0 0 0 4.4 0.41
J4S 3.7 Synthetic 3.3 3.7 0.15 4.0 0.37
J4N 4.7 Natural 3.3 4.7 0.16 4.2 0.40
J4S 7.4 Synthetic 5.5 7.4 0.27 4.6 0.39
J4N 6.5 Natural 5.5 6.5 0.28 4.4 0.38
Poland 1 P1 0 None 0 0 0 1.3 0.12
P1S 3.9 Synthetic 3.3 3.9 0.06 0.9 0.13
P1N 4.0 Natural 3.3 4.0 0.05 1.0 0.12
P1S 6.1 Synthetic 5.5 6.1 0.08 0.9 0.12
P1N 6.3 Natural 5.5 6.3 0.09 1.3 0.13
4 P4 0 None 0 0 0 4.4 0.41
P4S 2.2 Synthetic 1.8 2.2 0.08 4.2 0.42
P4N 2.1 Natural 1.8 2.1 0.08 4.0 0.37
P4S 3.8 Synthetic 3.3 3.8 0.15 4.1 0.38
P4N 3.9 Natural 3.3 3.9 0.16 4.3 0.40
a See Table 2 for a key to the product codes.
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weeks. At the ﬁrst visit each subject was given two packs of the
ﬁrst test product, each containing 20 cigarettes, a ﬁlter cutter/col-
lector and cigarette ﬁlter collection instructions. The ﬁlter cutter/
collector was a custom built device into which the subject placed
the mouth-end of the cigarette ﬁlter and then depressed a button
which activated a blade inside the cutter. The blade cut a 10 mm
section from the mouth end of the ﬁlter and this section was held
within the collecting chamber of the ﬁlter/cutter. The remaining
part of the ﬁlter and tobacco rod was discarded. The subjects were
trained how to use the ﬁlter cutter and were instructed to smoke
the supplied cigarettes in their normal manner in their own envi-
ronment. They were asked to smoke the cigarettes from the ﬁrst
pack to familiarize themselves with the product. They were then
asked to smoke the cigarettes from the second pack and to cut
and collect a minimum of 15 part-ﬁlters from these cigarettes
using their ﬁlter cutter. The respective interviewers then arranged
to visit each subject a second time to transfer the smoked ﬁlters
from the subjects’ ﬁlter cutter to a uniquely labelled aluminium
can, to administer a sensory questionnaire to the subjects (see Sec-
tion 2.6), to clean the ﬁlter cutter for use with the next test product
and to provide two packs of the next test product to the subjects.
The visits continued until each subject had smoked each of the ﬁve
types of test cigarettes and completed sensory questionnaires
about each. In both Japan and Poland, the regular menthol smokers
were ﬁrst supplied with the products with the highest menthol
loadings (natural menthol followed by synthetic), followed bythe products with lower menthol loadings (again, natural followed
by synthetic) and ﬁnally the product with no menthol. The occa-
sional menthol smokers were supplied ﬁrst with the non-menthol
product, followed by the products with the lowest menthol load-
ings (this time with synthetic menthol followed by natural), fol-
lowed by the products with the highest menthol loadings (again,
synthetic followed by natural). The ﬁlters from the smoked ciga-
rettes were returned to a research laboratory (Arista Laboratories
Europe, Kingston-Upon-Thames, London) for ﬁlter analysis.2.4. Measurement of menthol loading on cigarettes and menthol,
nicotine and tar yields in smoke
The tar, nicotine and menthol yields in smoke for each type of
test cigarette were determined according to ISO methods (ISO
10362-1, 1999; ISO 3308, 2000a; ISO 4387, 2000b; ISO 10315,
2000c) with the exception of conditioning the cigarettes, the addi-
tion of determining menthol in smoke (ISO/DIS 13110, 2011) and
the use of 1,3-butanediol as an internal standard. Conditioning of
the cigarettes was not conducted in order to prevent the loss of
menthol from the products that would have inevitably occurred
during the conditioning process. In brief, cigarettes were smoked
on a linear smoking machine (Cerulean SM450) using a 35 ml puff
volume, 2 s puff duration and 60 s puff interval. The mainstream
smoke was collected onto Cambridge ﬁlter pads (CFP) which were
extracted with propan-2-ol containing internal standards ethanol
at a concentration of 5 mL/L for the water determination, and
1,3-butanediol at a concentration of 0.25 mg/mL for the determi-
nation of nicotine and menthol. The extract was analysed using
gas chromatography (GC) (Agilent 6890 GC System) by injecting
the sample into two injections ports connected to two analytical
columns. A 3 m  0.18 mm  0.18 lm ZB Wax column and ﬂame
ionisation detector (FID) were used for the analysis of the nicotine
and menthol. The 3 m column was a section cut from a 20 m ZB
Wax column. A 30 m  0.53 mm column containing PoroPlot Q
and a thermal conductivity detector were used for water analysis.
Menthol standards with a range of 0.075 mg/mL to 1.875 mg/mL
were prepared using natural L-menthol (purityP 99%). An inde-
pendent quality control menthol standard with a concentration
384 M. Ashley et al. / Regulatory Toxicology and Pharmacology 63 (2012) 381–390of 0.75 mg/mL was prepared to verify the standards used for
calibration.
To determine the menthol loading for each study cigarette type,
ﬁve whole cigarettes were extracted in 50 mL ethanol containing
internal standard anethole at a concentration of 0.5 mL/L. The ex-
tract was analysed using GC analytical column CP Wax 52 CB,
25 m  0.53 mm id  2.0 lm ﬁlm and FID (Agilent 6890 GC Sys-
tem). Standards with a range of 0.05 mg/mL to 2.00 mg/mL were
prepared using natural L-menthol (purityP 99%). An independent
quality control standard with a concentration of 0.40 mg/mL was
prepared using synthetic L-menthol (purityP 99%). This was used
to verify the standards used for calibration.
2.5. Measurement of mouth level exposures to tar and nicotine
Mouth level exposures to tar and nicotine were obtained by
using the part-ﬁlter analysis method described previously by St.
Charles et al. (2009). The method involves the collection of ﬁlters
from cigarettes smoked by the subjects and the analysis of the
amounts of tar and nicotine retained in 10 mmmouth-end sections
of the ﬁlters. It is necessary to establish the relationships between
mainstream smoke yields of tar and nicotine and the amounts re-
tained within the part-ﬁlters for each of the test cigarettes. This
calibration stage is typically performed by machine smoking each
cigarette type using a range of smoking parameters and producing
linear regression equations for the relationships between main-
stream tar or nicotine yields and the amounts of tar or nicotine re-
tained within the cigarette part-ﬁlters. The advantage of using the
10 mm mouth-end sections rather than whole ﬁlters is that the
part-ﬁlter technique minimises errors caused by ﬂow-rate induced
changes in ﬁltration efﬁciency and condensation of tar and nicotine
vapours onto the tobacco end of the ﬁlter (St. Charles et al., 2009).
The amounts of tar retained within the part-ﬁlter are measured
indirectly by either measuring the amounts of solanesol in the ﬁl-
ters (Polzin et al., 2009) or by measuring the UV absorbance of the
material extracted from the ﬁlters (St. Charles et al., 2009). The lat-
ter method was used in our study.
Calibration curves for tar yield vs. UV absorbance per part-ﬁlter
tip, and nicotine yield vs. nicotine content per tip were prepared
for each of the cigarette types used in our study. These were pro-
duced by smoking ﬁve cigarettes of each test sample onto a
44 mm CFP using a linear smoking machine (Cerulean SM450).
However, only three cigarettes were smoked onto a CFP while
smoking the 4 mg ISO tar products at the most intense smoking re-
gime to prevent overloading the CFP with tar. Six separate calibra-
tion smoking regimes were used and each test cigarette type was
smoked three times under each of the six calibration regimes (Ta-
ble 3).
The mainstream yields of tar and nicotine were determined as
described above in Section 2.4. The CFPs were extracted in 20 mL
of propan-2-ol containing the internal standards 0.25 mg/mLTable 3
Smoking regimes used to construct calibration curves.
Puff volume (mL) Puff duration (s) Interval between puffs (s) Butt length or pu
Filters from unsmoked cigarettes
40 2 60 4 puffs
40 2 30 OTa+3 mm
50 1.5 60 4 puffs
50 1.5 60 OT + 3 mm
50 1.5 30 OT + 3 mm
70 1.5 60 4 puffs
70 1.5 30 OT + 3 mm
70 1.5 20 OT + 3 mm
70 1.5 20 OT + 3 mm
a OT: over-tipping.n-heptadecane for the determination of nicotine, and 5 mL/L etha-
nol for the determination of water. The extract was analysed by GC
by injecting the sample into two injections ports connected to two
analytical columns. A CP Wax 52 CB, 25 m  0.53 mm  2 lm, col-
umn and FID were used for the analysis of the nicotine. A
10 m  0.53 mm column containing PoroPlot Q and a thermal con-
ductivity detector were used for water analysis (Agilent 6890 GC
System).
The part ﬁlters from the calibration procedures and subjects
were extracted using methanol incorporating 0.05 mg/mL n-hepta-
decane as an internal standard and were analysed for nicotine con-
tent by GC with FID detection analytical column, CP Wax 52 CB,
25 m  0.53 mm  2.0 lm ﬁlm and FID (Agilent 6890 GC System).
The tar content of the part-ﬁlters was also determined from the ex-
tracts using a UV absorbance method (HPLC with UV detection at
310 nm). Full details of these procedures are described by
St. Charles et al. (2009).
All test cigarettes within an ISO tar category were manufactured
to the same speciﬁcations (Section 2.1) and the calibration data for
the 1 and 4 mg test cigarettes were collated respectively. At each
ISO tar category this resulted in a single linear regression equation
for mainstream tar versus UV absorbance per part-ﬁlter tip, and a
single linear regression equation for mainstream nicotine versus
nicotine content per part-ﬁlter tip.
The part-ﬁlters from each smoker collected in the ﬁlter cutters
were split randomly into three groups of ﬁve tips per subject which
were analysed independently on different days. The UV absorbance
and nicotine values obtained from these three batches of part ﬁl-
ters were averaged for each smoker and converted into estimated
mouth level nicotine and ‘tar’ exposures per cigarette by use of the
appropriate regression equations.2.6. Sensory questionnaire
A questionnaire was used to assess the sensory characteristics
of the study cigarettes. The questionnaire was based on sensory
terms developed by British American Tobacco, over several dec-
ades, for use in the sensory evaluation of cigarettes by internal,
trained, sensory test panels. Many of the sensory terms used in
internal panel tests have been used in the sensory evaluation of
cigarettes by untrained consumers. When conducting sensory eval-
uation tests with untrained consumers it is essential to ensure that
the deﬁnitions of the sensory terms and the method for rating the
intensities of the sensory attributes are understood by the con-
sumer groups. Prior to commencing the studies, the MRAs con-
ducted training sessions with smokers in Japan and Poland in
order to ensure that the wordings of the attribute deﬁnitions were
clear and unambiguous when translated into Japanese and Polish.
Market researchers from the MRAs explained the deﬁnitions of
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the following key attributes were analysed in the study:
‘Irritation’ – the lingering sensation of tingling, prickling, etc. in
the mouth and throat.
‘Throat catch’ – the short, sharp, momentary ‘kick’ or ‘hit’ sensa-
tion felt in the throat/upper chest region as the smoke is
inhaled.
‘Strength of menthol taste’.
‘Cooling effect’ – the sensation of cooling in the mouth and
nose.
Each sensory attribute was assessed on a scale of one to ﬁve
with one representing a low intensity sensation, and ﬁve repre-
senting a high intensity sensation. The subjects were also asked
to rate their overall liking of each test sample. A scale of 1 (‘did
not like’) to 5 (‘liked’) was used for the likability attribute. Table
4 shows an English translation of an extract from the sensory eval-
uation questionnaire used with the Japanese subjects. The subjects
completed a separate sensory questionnaire for each of the testTable 4
Sensory questionnaire.
Sensory attribute Question (English translation)
Irritation How much did you feel the lingering sensation of temperatu
sensation lasting over several seconds. Please circle the numbe
‘‘Low’’ to ‘‘High’’
Throat catch/hit How did you feel about the throat catch/hit? Throat catch/hi
throat/upper chest region speciﬁcally as the smoke goes down
less. Please circle the number which you choose as most app
Strength of menthol
taste
How much strength of menthol taste did you feel? Please circ
scale from ‘‘Low’’ to ‘‘High’’
Cooling effect How much did you feel sensation of cooling in the mouth (i.e
the number which you choose as most appropriate answer o
Overall likability Considering overall, how much did you like the cigarettes th
answer out of the 5-point scale from ‘‘Did not like’’ to ‘‘Like’’
Table 5
Smokers MLE to tar and nicotine (mean ± standard deviation).a
Country ISO pack tar (mg) Product codes MLE to Ta
Smoker ty
Regular
Japan 1 J1 0 6.0 ± 2.3
J1S 6.5 6.4 ± 2.4
J1N 6.7 6.2 ± 2.6
J1S 11.7 6.2 ± 2.5
J1N 11.6 6.3 ± 2.6
p-valueb p = 0.867
4 J4 0 11.1 ± 4.1
J4S 3.7 11.6 ± 4.2
J4N 4.7 11.5 ± 4.0
J4S 7.4 11.4 ± 4.3
J4N 6.5 11.6 ± 4.4
p-value p = 0.918
Poland 1 P1 0 8.9 ± 2.8 a
P1S 3.9 9.6 ± 3.4 a
P1N 4.0 7.8 ± 2.8 b
P1S 6.1 7.5 ± 2.6 c
P1N 6.3 8.0 ± 2.8 b
p-value p < 0.001
4 P4 0 15.7 ± 5.2
P4S 2.2 15.7 ± 5.6
P4N 2.1 14.0 ± 5.0
P4S 3.8 13.8 ± 4.9
P4N 3.9 13.4 ± 4.8
p-value p = 0.004
a Each block deﬁnes the comparisons described in Section 2.7.
b ANOVA GLM used for comparison within smoker group. A shared common letter su
differences between mean scores.products. The questionnaires were administered by a market re-
searcher during visits 2–6 to the homes of each subject.2.7. Data analysis
Minitab 16 Statistical Software was used to analyse the study
data. A General Linear Model (ANOVA GLM) approach was used
to compare smokers’ MLE to tar and nicotine and smokers’ sensory
magnitude scores. Where a signiﬁcant difference was found Tu-
key’s post hoc test was carried out to determine the source of
the difference. In Tables 5–7, where the ANOVA GLM procedure
produced signiﬁcant differences (i.e., p < 0.05) within a block, a
shared common letter sufﬁx for values within each column indi-
cates no signiﬁcant differences between mean scores for those par-
ticular samples (p > 0.05).
To investigate the inﬂuence of smoker type, menthol type and
loading on smokers’ MLE to tar and nicotine, comparisons were
conducted across the ﬁve products within an ISO tar category by
smoker type.re hotness, tingling, prickling, felt in the mouth/upper throat? This is a physical
r which you choose as the most appropriate answer out of the 5-point scale from
t means the short, sharp momentary ‘‘kick’’ or ‘‘hit’’ sensation felt in the lower
. It is noticed immediately as the smoke contacts the throat and lasts a second or
ropriate answer out of the 5-point scale from ‘‘Low’’ to ‘‘High’’
le the number which you choose as most appropriate answer out of the 5-point
. on the lips or tongue, or overall inside the mouth) and in the nose? Please circle
ut of the 5-point scale from ‘‘Low’’ to ‘‘High’’
at you tried? Please circle the number which you choose as most appropriate
r (mg/cigarette) MLE to nicotine (mg/cigarette)
pe Smoker type
Occasional Regular Occasional
6.9 ± 2.3 0.43 ± 0.16 0.44 ± 0.16 b
6.6 ± 2.3 0.47 ± 0.19 0.47 ± 0.17 a,b
6.6 ± 2.4 0.44 ± 0.19 0.46 ± 0.16 a,b
6.5 ± 2.3 0.46 ± 0.18 0.50 ± 0.18 a,b
6.7 ± 2.4 0.43 ± 0.17 0.51 ± 0.18 a
p = 0.871 p = 0.301 p = 0.032
12.1 ± 3.8 0.81 ± 0.29 0.80 ± 0.24
11.3 ± 3.6 0.85 ± 0.29 0.83 ± 0.25
11.2 ± 3.8 0.81 ± 0.27 0.81 ± 0.25
10.7 ± 3.6 0.82 ± 0.27 0.80 ± 0.26
10.7 ± 4.0 0.78 ± 0.27 0.79 ± 0.25
p = 0.058 p = 0.514 p = 0.913
,b 7.7 ± 3.2 a,b 0.59 ± 0.19 a,b 0.53 ± 0.19
8.2 ± 2.7 a 0.66 ± 0.22 a 0.51 ± 0.16
,c 6.9 ± 3.0 b,c 0.59 ± 0.22 a,b 0.52 ± 0.23
6.5 ± 2.4 c 0.56 ± 0.19 b 0.50 ± 0.19
,c 6.7 ± 2.5 c 0.57 ± 0.22 b 0.53 ± 0.20
p < 0.001 p = 0.010 p = 0.681
a 16.4 ± 5.1 a 0.94 ± 0.29 1.08 ± 0.32
a 16.6 ± 5.0 a 1.03 ± 0.34 1.02 ± 0.27
a,b 14.0 ± 4.7 b 1.01 ± 0.33 1.02 ± 0.33
a,b 13.6 ± 4.6 b 1.04 ± 0.33 0.99 ± 0.32
b 14.1 ± 4.5 b 1.00 ± 0.31 1.00 ± 0.32
p < 0.001 p = 0.304 p = 0.191
fﬁx within a block where differences were found (p < 0.05) indicates no signiﬁcant
Table 6
Mean sensory magnitude scores for Japan.
Product Irritation Throat catch Strength of menthol taste Cooling effect Likability
Smoker type
Occa Regb Occ Reg Occ Reg Occ Reg Occ Reg
1 mg ISO tar cigarettes
J1 0 2.4 c 2.8 2.4 c 3.0 a NAc NA NA NA 3.1 2.0 c
J1S 6.5 2.9 b 2.7 2.6 b,c 2.7 a,b 3.2 b 2.4 c 3.3 b 2.7 b 3.1 2.8 b
J1N 6.7 2.9 b 2.6 2.8 b 2.7 a,b 3.2 b 2.1 c 3.3 b 2.4 b 3.0 2.6 b
J1S 11.7 3.5 a 2.7 3.3 a 2.6 a,b 3.9 a 3.0 b 3.9 a 3.2 a 2.7 3.2 a
J1N 11.6 3.3 a 2.4 3.2 a 2.4 b 3.6 a 3.4 a 3.6 a,b 3.5 a 2.9 3.4 a
p-valued p < 0.001 p = 0.149 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p = 0.048 p < 0.001
4 mg ISO tar cigarettes
J4 0 2.4 c 2.9 2.5 c 3.1 a NA NA NA NA 3.1 2.1 c
J4S 3.7 2.7 b,c 2.8 2.6 b,c 2.8 a,b 2.8 c 2.5 b 2.9 b 2.6 b 3.0 2.7 b
J4N 4.7 2.8 b 2.8 2.9 b,c 2.7 b 3.1 b 2.4 b 3.2 a,b 2.5 b 2.9 2.6 b
J4S 7.4 3.4 a 2.9 3.3 a 2.7 b 3.6 a 3.1 a 3.5 a 3.1 a 2.7 2.9 a,b
J4N 6.5 3.1 a,b 2.6 2.9 a,b 2.5 b 3.4 a,b 3.1 a 3.3 a 3.2 a 3.1 3.3 a
p-valued p < 0.001 p = 0.225 p < 0.001 p = 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p = 0.045 p < 0.001
a Occ: occasional menthol smoker.
b Reg: regular menthol smoker.
c NA: not applicable.
d ANOVA GLM used for comparison within smoker group. A shared common letter sufﬁx within a column where differences were found (p < 0.05) indicates no signiﬁcant
differences between mean scores.
Table 7
Mean sensory magnitude scores for Poland.
Product Irritation Throat catch Strength of menthol taste Cooling effect Likability
Smoker Type
Occa Regb Occ Reg Occ Reg Occ Reg Occ Reg
1 mg ISO tar cigarettes
P1 0 2.4 2.6 2.2 2.4 NAc NA NA NA 3.3 2.5 b
P1S 3.9 2.2 2.4 2.1 2.3 2.6 c 2.6 b 2.8 b 2.6 b 3.4 3.2 a
P1N 4.0 2.5 2.7 2.5 2.6 3.0 b 3.1 a 3.0 a,b 3.1 a 3.3 3.4 a
P1S 6.1 2.5 2.4 2.3 2.3 3.2 a,b 3.1 a 2.9 b 3.0 a 3.3 3.4 a
P1N 6.3 2.5 2.5 2.3 2.3 3.5 a 3.4 a 3.3 a 3.3 a 3.6 3.5 a
p-valued p = 0.054 p = 0.152 p = 0.153 p = 0.340 p < 0.001 p < 0.001 p = 0.002 p < 0.001 p = 0.084 p < 0.001
4 mg ISO tar cigarettes
P4 0 2.3 b 2.7 2.1 b 2.4 NA NA NA NA 3.4 2.6 c
P4S 2.2 2.4 a,b 2.5 2.2 b 2.4 3.0 b 2.4 b 3.0 2.5 b 3.3 3.0 b,c
P4N 2.1 2.5 a,b 2.9 2.4 a,b 2.7 3.1 b 3.0 a 2.9 3.0 a 3.2 3.4 a
P4S 3.8 2.6 a,b 2.7 2.6 a 2.3 3.5 a 3.0 a 3.1 2.9 a 3.3 3.3 a,b
P4N 3.9 2.7 a 2.6 2.7 a 2.4 3.5 a 3.1 a 3.2 3.1 a 3.3 3.5 a
p-valued p = 0.026 p = 0.153 p < 0.001 p = 0.057 p < 0.001 p < 0.001 p = 0.104 p < 0.001 p = 0.814 p < 0.001
a Occ: occasional menthol smoker.
b Reg: regular menthol smoker.
c NA: not applicable.
d ANOVA GLM used for comparison within smoker group. A shared common letter sufﬁx within a column where differences were found (p < 0.05) indicates no signiﬁcant
differences between mean scores.
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loading on smokers’ sensory perceptions, comparisons were con-
ducted across the ﬁve products within an ISO tar category by smo-
ker type.
3. Results
Within the 1 mg ISO tar yield smoker groups there were a total
of 100 (73 male (M), 27 female (F)) Japanese regular menthol, 100
(73 M, 27 F) Japanese occasional menthol, 90 (26 M, 64 F) Polish
regular menthol, and 133 (37 M, 95 F, 1 gender not given) Polish
occasional menthol smokers who completed the study. The num-
ber of 4 mg ISO tar yield smokers who completed the study were
100 (68 M, 32 F) Japanese regular menthol, 100 (71 M, 29 F) Japa-
nese occasional menthol, 85 (21 M, 64 F) Polish regular menthol,
and 121 (41 M, 78 F, 2 gender not given) Polish occasional menthol
smokers.3.1. Menthol loadings
The measured menthol loadings used in our study ranged from
6.5 to 11.7 mg of menthol for the 1 mg ISO tar yield Japanese prod-
ucts and 3.7–7.4 mg for the Japanese 4 mg ISO tar yield products.
Lower menthol loadings were used for the Polish products (3.9–
6.3 mg menthol for the 1 mg products, 2.1–3.9 mg menthol for
the 4 mg products) as typical Polish mentholated cigarettes are
mentholated to a lesser extent than similar tar yield Japanese
products.
3.2. Smoker Mouth Level Exposures
Table 5 contains the smokers’ MLE to tar and nicotine by coun-
try, ISO tar category and smoker type. Each block deﬁnes the com-
parisons described in Section 2.7. Where the ANOVA GLM
procedure produced signiﬁcant differences (i.e., p < 0.05) within a
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differences between mean scores for those particular samples
(p > 0.05).
3.2.1. Japanese smokers
There were no signiﬁcant effects of menthol loading or menthol
type on mean tar MLE in either the 1 or 4 mg Japanese smoker
groups. There were no effects of menthol loading or type on mean
nicotine MLE in the 4 mg tar yield smoker groups, but within the
1 mg tar yield smoker groups the occasional menthol smokers ob-
tained higher mean nicotine MLE when smoking the high loading
natural menthol product (J1N 11.6) compared with smoking the
non-menthol cigarette (J1 0).
3.2.2. Polish smokers
Both regular and occasional 1 and 4 mg tar yield menthol smo-
ker groups tended to obtain lower MLE to tar when smoking the
products with higher menthol loadings compared with the prod-
ucts with lower menthol loadings or no menthol and in some cases
the differences were signiﬁcant. Both regular and occasional 1 mg
tar yield menthol smokers obtained signiﬁcantly lower mean tar
MLE when smoking the high synthetic menthol loading product
(P1S 6.1) than when smoking the non-mentholated product (P1
0) or low synthetic menthol product (P1S 3.9).
The regular 4 mg tar yield menthol smokers obtained signiﬁ-
cantly lower mean tar MLE when smoking the high natural men-
thol loading product (P4N 3.9) than when smoking the non-
mentholated product (P4 0) and low synthetic menthol loading
product (P4S 2.2).
The occasional 4 mg tar yield menthol smokers obtained signif-
icantly lower mean tar MLE when smoking the low natural (P4N
2.1), high natural (P4N 3.9), and high synthetic menthol loading
(P4S 3.8) products than when smoking the non-mentholated prod-
uct (P4 0) and low synthetic menthol loading product (P4S 2.2).
The only signiﬁcant effect of menthol loading on mean nicotine
MLE was in the regular 1 mg tar yield group where the low syn-
thetic menthol loading product (P1S 3.9) produced higher mean
nicotine MLE than the high synthetic menthol product (P1S 6.1
and the high natural menthol product (P1N 6.3). No other signiﬁ-
cant mean nicotine MLE differences were found in the other smo-
ker groups.
3.3. Sensory effects
To investigate the inﬂuence of smoker type, menthol type and
loading on smokers’ sensory perceptions, comparisons were con-
ducted across the ﬁve products within an ISO tar category by smo-
ker type. The mean sensory magnitude scores obtained by the
Japanese and Polish regular and occasional smokers within each
ISO tar category are listed in Tables 6 and 7. Each block deﬁnes
the comparisons described in Section 2.7.
3.3.1. Japanese smokers
The mean sensory scores produced by the Japanese 1 and 4 mg
ISO tar yield smokers are shown in Table 6. There were no signiﬁ-
cant effects of menthol loading on perceived irritation in the two
regular menthol smoker groups. However, for the two occasional
menthol smoker groups, the addition of menthol to the products
was associated with a marked and signiﬁcant increase in perceived
irritation.
The addition of menthol (primarily at the higher loading levels)
produced some signiﬁcant reductions in the perceived throat catch
intensities in the regular menthol smoker groups. In contrast, the
opposite effect was observed in the occasional menthol smoker
groups, i.e., a menthol-induced increase in throat catch.Signiﬁcant effects of the level of menthol loading on both the
perceived strength of menthol taste and intensity of the cooling ef-
fect were observed in all of the Japanese smoker groups. The mean
intensities of these sensory perceptions tended to be signiﬁcantly
higher for the higher menthol loading products compared with
the lower menthol loading products. Regarding menthol type, a
signiﬁcant reduction in strength of menthol taste was observed
for the high loading synthetic menthol product (J1S 11.7) compared
with the high loading natural menthol product (J1N 11.6) within
the regular 1 mg smoker group. Within the occasional 4 mg men-
thol smoker group, a signiﬁcant reduction in strength of menthol
taste was observed for the low loading synthetic product (J4S 3.7)
compared with the low loading natural product (J4N 4.7).
The effects of menthol loading on the mean likability ratings
differed according to whether the subjects were regular or occa-
sional smokers of mentholated cigarettes. Within the two regular
menthol smoker groups, the addition of menthol to the products
was associated with signiﬁcant increases in likability. However
the Tukey post hoc tests revealed that the addition of menthol
had no signiﬁcant effects on the mean likability ratings of the
two occasional menthol smoker groups.3.3.2. Polish smokers
The mean sensory scores for the Polish 1 and 4 mg ISO tar yield
smokers are shown in Table 7. There were no signiﬁcant effects of
menthol loading on the mean levels of perceived irritation, or
throat catch in the two groups of 1 mg smokers and in the regular
menthol 4 mg smokers. The product with the higher loading of nat-
ural menthol (P4N 3.9) was associated with a signiﬁcantly higher
mean irritation and throat catch than the non mentholated product
in the occasional 4 mg menthol smoker group. Mean throat catch
was also signiﬁcantly higher for the high loading synthetic men-
thol product (P4S 3.8) than for the non mentholated product in this
occasional menthol smoker group.
The effects of menthol loading on the intensities of the strength
of menthol taste and the cooling effect were less clear-cut than
those observed in the Japanese smoker groups. However, in most
groups there were trends towards higher intensities of menthol
taste and cooling effect with increasing menthol loading, but un-
like the results from the Japanese study these differences were
not signiﬁcant in all cases. Regarding menthol type, higher intensi-
ties of menthol taste and cooling effect were observed for the low
natural menthol loading products (P1N 4.0, P4N 2.1) compared
with the low synthetic loading products (P1S 3.9, P4S 2.2) respec-
tively within the regular menthol smoker groups. Within the 1 mg
occasional menthol smoker group there was a trend for higher
intensities of menthol taste and cooling effect for the natural men-
thol products compared with the synthetic menthol products and
in some cases these were signiﬁcant.
In terms of likability, the mentholated products produced sig-
niﬁcantly higher mean ratings than the non-menthol products in
both groups of regular menthol smokers. However, as was the case
for the Japanese smokers, the addition of menthol had no signiﬁ-
cant effects on the mean likability ratings of the two occasional
menthol smoker groups. The low natural menthol loading product
(P4N 2.1) produced a signiﬁcantly higher likability rating com-
pared with the low synthetic menthol loading product (P4S 2.2)
within the 4 mg occasional menthol smoker group.4. Discussion
Different levels of menthol were applied in the products used in
this study. The levels obtained were in line with typical high and
low levels of mentholation in menthol cigarettes sold in Japan
and Poland. Celebucki et al. (2005) measured the menthol levels
388 M. Ashley et al. / Regulatory Toxicology and Pharmacology 63 (2012) 381–390in 48 US commercial brands of menthol cigarettes and reported
higher levels of menthol in cigarettes labelled as ultra lights than
in higher tar yield cigarettes (also termed regular and full ﬂavour
cigarettes). The menthol levels of the ultra light cigarettes reported
by Celebucki et al. (2005) ranged from 2.84 to 4.27 mg/cigarette
(mean 3.59 mg/cigarette) and fall within the range of 2.1–
11.7 mg/cigarette used in our study.
Celebucki et al. (2005) also commented on the higher levels of
menthol used in ultra low and ‘light’ cigarettes than in higher yield
regular cigarettes. They claimed that smokers may believe that
‘light’ equals less and ‘ultra light’ equals much less of a given sub-
stance but in the case of menthol the reverse is true. However, dif-
ferences in cigarette design features such as levels of ﬁltration,
ventilation and paper permeability between the different ISO tar
category cigarettes are likely to inﬂuence the levels of smoke
menthol.
The high measured menthol loadings for our Japanese 4 mg tar
yield products (6.5 and 7.4 mg/cigarette) was approximately the
same as the low menthol loading for Japanese 1 mg tar yield prod-
ucts (6.5 and 6.7 mg/cigarette), but the menthol smoke yields un-
der ISO smoking conditions were considerably higher for the 4 mg
products (0.27 and 0.28 mg/cigarette) than for the 1 mg products
(0.08 and 0.09 mg/cigarette). A similar outcome was observed for
the Polish products. The low menthol 1 mg and high menthol
4 mg cigarettes had similar menthol loadings (3.8 and 3.9 mg/cig-
arette for the former and 3.9 and 4.0 mg/cigarette for the latter)
but the ISO menthol yields (0.06 and 0.05 mg/cigarette) of the for-
mer were considerably lower than those from the latter (0.15 and
0.16 mg/cigarette). This effect can be predominantly attributed to
the higher levels of ﬁltration and ﬁlter ventilation used in the de-
sign of the 1 mg products producing a greater reduction in the
menthol yields of the 1 mg compared with the 4 mg tar yield prod-
ucts. This point concerning the effects of cigarette design parame-
ters on the yields of menthol in mainstream smoke was discussed
in detail by Heck (2010).
It has been hypothesised that menthol added to cigarettes may
result in smokers taking bigger and/or more frequent puffs and
deeper, longer post-puff inhalations (Ahijevych and Garrett,
2004; Ferris Wayne and Connolly, 2004; Kreslake et al., 2008a,b;
Lawrence et al., 2011). One consequence of a menthol induced in-
crease in smoking intensity would be to increase the exposure of
smokers to cigarette smoke constituents. We used a part-ﬁlter
analysis technique to measure nicotine and tar MLEs in our study.
This technique provides a reliable indication of the amounts of tar
and nicotine delivered to the smoker under a wide range of human
pufﬁng behaviour conditions (Shepperd et al., 2006) and has been
recently used to estimate smoke exposures in smokers of different
styles of cigarettes in a variety of countries (Shepperd et al., 2009;
Nelson et al., 2011; St. Charles et al., 2010; Mariner et al., 2011;
Coté et al., 2011).
In all but one instance the addition of menthol to the cigarettes
used in our study did not produce any signiﬁcant increases in mean
tar and nicotine MLEs in the Japanese and Polish smokers. There
were no signiﬁcant differences in mean tar or nicotine MLEs be-
tween the non-menthol and menthol products when smoked by
Japanese subjects in all instances except for sample J1N 11.6 when
smoked by the occasional menthol smokers. Whereas in some of
the Polish smoker groups there was evidence of signiﬁcant reduc-
tions in tar MLE for some of the high loading menthol products
compared with the non-menthol products.
The absence of a consistent menthol-induced increase in tar and
nicotine MLE is in line with the results of studies on the effect of
cigarette mentholation on pufﬁng topography and exposure to
smoke constituents. Nelson et al. (2011) used a part-ﬁlter method
to measure tar and nicotine MLEs in smokers of US commercial
mentholated and non-menthol cigarettes. They reported trendstowards slightly lower tar and nicotine MLEs in smokers of men-
tholated cigarettes than in smokers of similar yield non-menthol
cigarettes. The differences were not signiﬁcant. Other researchers
have compared the levels of biomarkers of exposure (BoE) to ciga-
rette smoke constituents in smokers of menthol and non-menthol
cigarettes. Two reviews of these BoE studies have been published,
Werley et al. (2007) and Heck (2010). Both of these reviews
concluded that the available data did not support the notion of a
menthol-induced increase in a smoker’s exposure to nicotine and
other smoke constituents.
With regard to pufﬁng topography (puff number and volume),
direct comparisons of puff numbers taken from mentholated and
non-mentholated cigarettes were reported in seven studies. No
signiﬁcant difference between menthol and non-mentholated cig-
arettes was reported in four of the studies (Caskey et al., 1993;
Miller et al., 1994; Ahijevych et al., 1996; Pickworth et al., 2002).
A signiﬁcantly reduced puff number was associated with mentho-
lated products in the other three studies (Nil and Battig, 1989; Jar-
vik et al., 1994; McCarthy et al., 1995). Puff volumes were reported
in six studies. A decrease in puff volume with mentholated ciga-
rettes was reported in four of the studies, three of which were sig-
niﬁcant (Nil and Battig, 1989; Jarvik et al., 1994; McCarthy et al.,
1995) and one not signiﬁcant (Ahijevych et al., 1996). One study
reported similar puff volumes for menthol and non-menthol ciga-
rettes (Miller et al., 1994) and one reported a signiﬁcant increase in
puff volume associated with menthol cigarettes (Ahijevych and
Parsley, 1999).
The results from the published pufﬁng topography studies have
been recently described by Lawrence et al. (2011) as being incon-
sistent. Whilst this is true, the published data indicate there is no
consistent experimental evidence to support the view that the
mentholation of cigarettes increases the number and/or size of
puffs taken by smokers. If the addition of menthol in our study
had caused the smokers to take larger and more frequent
puffs on the cigarettes, this would have resulted in smokers consis-
tently obtaining higher MLE from the menthol cigarettes. This was
not the case, thus our ﬁndings on tar and nicotine MLEs are consis-
tent with the results from the majority of pufﬁng topography
studies.
The smokers of the 4 mg tar yield cigarettes obtained higher
mean tar and nicotine MLEs than the smokers of the 1 mg tar yield
cigarettes. These results are in line with the results from other
studies comparing the smoke exposures in smokers of 1 mg tar
yield cigarettes with those obtained by smokers of higher yield
cigarettes either from ﬁlter analysis studies e.g., Shepperd et al.,
2009; St. Charles et al., 2010; Mariner et al., 2011; Nelson et al.,
2011; Coté et al., 2011, or BoE studies e.g., Benowitz et al., 1986,
2009; Byrd et al., 1995; St. Charles et al., 2006; Shepperd et al.,
2009.
Signiﬁcant differences between the high and lowmenthol prod-
ucts in the sensory perceptions ‘cooling’ and ‘strength of menthol
taste’ were observed for the Japanese 1 and 4 mg groups of smok-
ers with the high menthol products producing greater intensities
of ‘cooling’ and ‘strength of menthol taste’ than the low menthol
products. Similar trends in ‘cooling’ and ‘strength of menthol taste’
were observed for the Polish smokers but the differences between
the high and low menthol products were less pronounced than
those for the Japanese smokers and in some instances not signiﬁ-
cant. This reﬂects greater absolute differences in the menthol
yields in mainstream smoke between the high and low menthol
products for the Japanese (0.06 and 0.07 for the 1 mg product
and 0.12 and 0.12 mg for the 4 mg product) than for the Polish
products (0.02 and 0.03 mg for the 1 mg product and 0.07 and
0.08 mg for the 4 mg product).
We found some evidence that products containing natural
menthol tended to produce higher intensities of cooling and
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synthetic menthol within the Polish smoker groups. Within the
Japanese smoker groups fewer differences were found. Though
the menthol used in the study comprised 99% L-menthol, the
addition of small amounts of the other menthol isomers could re-
sult in differences in sensory characteristics (Hopp and Lawrence,
2007). It is likely that menthol at high loadings would prevent the
smokers from detecting small sensory differences between the
natural and synthetic menthol, but we can speculate that at
the lower menthol loadings applied to the Pollsh products, smok-
ers were able to determine sensory differences between menthol
type.
The presence of menthol and the levels of applied menthol pro-
duced different ‘likability’ responses in the regular and occasional
menthol smoker groups from both countries. The ‘likability’ scores
for the non-menthol products were signiﬁcantly lower than those
for the menthol products in the four groups of regular menthol
smokers. However, there were no signiﬁcant ‘likability’ differences
between the non-menthol and menthol products in the occasional
menthol smoker groups. These differences in the ‘likability’ re-
sponses may be explained in terms of the smokers’ familiarity with
the additional sensory characteristics of mentholated cigarettes.
The presence of a menthol taste and cooling sensation is likely to
be a major reason why regular smokers of menthol products
choose such products. Consequently, the absence of these sensory
attributes in the non-menthol products was the reason for them
being rated as the least liked cigarettes. One could speculate that
regular smokers of non-menthol products may rate menthol ciga-
rettes as being less liked than non-menthol products. The fact that
the occasional menthol smokers did not dislike the mentholated
products is not a surprising observation for smokers who tend to
predominantly smoke non-menthol cigarettes but will occasion-
ally smoke menthol products.
It has been claimed that cigarette mentholation can reduce the
level of perceived mouth and throat irritation produced by ciga-
rette smoke either by a counter-irritation or a desensitisation effect
(Ahijevych and Garrett, 2004; Ferris Wayne and Connolly, 2004;
Kreslake et al., 2008a,b; Yerger and McCandless, 2011). Some
researchers have suggested that the degree of throat irritation is
dependent on the level of menthol in smoke. Kreslake et al.
(2008a) claimed that cigarettes at the low end of the typical load-
ing spectrum for mentholated products (0.12% menthol) reduce
throat irritation sensations, but more intense sensory effects are
produced as the menthol content of the cigarette is increased.
These effects were also described by Ferris Wayne and Connolly
(2004) in their article based on a survey of tobacco industry docu-
ments. They also described a menthol induced increase in per-
ceived irritation at high menthol loading levels.
There were no signiﬁcant differences between the non-menthol
and the mentholated products in the magnitudes of mouth/throat
irritation when the products were smoked by the Japanese and Pol-
ish regular menthol smokers in our study. However, there were
perceived irritation differences between the non-menthol and
menthol products in the occasional menthol smoker groups. The
Japanese occasional menthol smokers rated the menthol products
as being signiﬁcantly higher than the non-menthol products in
mouth/throat irritation. Although the menthol products tended
to be rated as being higher in irritation than the non-menthol
products by the Polish occasional menthol smokers the only signif-
icant difference was a higher irritation for the P4N 3.9 menthol
product compared with the P4 0 product. Consequently, our sen-
sory assessments of cigarettes with typically low and high menthol
loadings in two markets did not show any evidence of a menthol
induced inhibition of sensory irritation despite the presence of
marked perceived cooling effects.5. Conclusion
In conclusion, our study examined the effects of high and low
menthol loadings to cigarettes on tar and nicotine MLEs and per-
ceived sensations in both regular and occasional smokers of men-
thol cigarettes in two countries. There were relationships between
the application levels of menthol and the perceived intensity of the
sensory attributes ‘strength of menthol taste’, and ‘cooling’ effect.
However, we did not see marked menthol-induced reductions in
perceived irritation or marked menthol-induced increases in tar
and nicotine MLEs. Thus our data does not support the notion of
a menthol induced increase in mouth level exposure to tar and nic-
otine, or a menthol induced reduction in the levels of mouth and
throat irritation produced by cigarette smoke.Conﬂict of interest statement
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